INTRODUCTION
When intercropping two grasses under a system of crop-livestock integration, the forage has the function of providing feed for the livestock from the end of the summer until the beginning of spring, and later of forming straw for the cultivation of the grain-producing crop. Such a system is one alternative in the search for new techniques that aim to reduce the costs of developing and reforming pasture, where there have been several studies into rotating annual crops with pasture and consolidating them into a system of crop-livestock integration (CLI) (BRAZ; MION; GAMEIRO, 2012) .
Under the CLI system in areas of the cerrado, sorghum has been cultivated intercropped with species of the genus Urochloa, with positive results for dry matter and/or grain production (SILVA et al., 2013) . Urochloa brizantha 'BRS Paiaguás', is seen as newly launched genetic material, possibly having significant advantages, such as greater adaptability under a croplivestock integration system. However, the inconsistency of the results obtained in different regions of the country is evidence of the importance of conducting regionalised research, seeking to improve the efficiency of these productive systems, not only for the summer harvest, but especially for the autumn season. Another necessary area of research into intercropped sorghum is that the plants are of different heights and have different protein values; grain sorghum is smaller, and therefore in less competition with the intercropped forage. In addition, the larger quantity of grain results in higher concentrations of final protein in the silage when compared to dual-purpose sorghum or to forages of greater height; these probably have a greater competitive effect on the intercropped forage, albeit with less grain.
Due to the growing search for new technologies that aim for sustainability in agricultural production systems, several authors (COSTA et al., 2014; PARIZ et al., 2010) have presented intercropping with grain producing grasses as an alternative way of increasing forage production, offering the economy of pasture reform and the residual use of the nitrogen fertiliser applied to the main crop. Another alternative for saving nitrogen (N) is the commercial use of diazotrophic bacteria, also commonly classified as plant-growth promoting bacteria (PGPB) which, in addition to contributing to the biological fixation of atmospheric N 2 under the CLI system, can promote greater root growth, with better exploitation of the soil layers and a larger surface for water and nutrient absorption.
However, results of the interaction of diazotrophic bacteria with the CLI system in terms of agronomic potential, N 2 fixation or the promotion of plant growth are still scarce in the literature. Based on the above, the aim was to evaluate growth and dry matter production in both grain sorghum and dual-purpose sorghum, whether alone or intercropped with palisade grass and inoculated or not with Azospirillum brasilense, in the autumn season in the Brazilian Cerrado.
MATERIAL AND METHODS
The experiment was carried out on the Teaching, Research and Extension Farm of the Faculty of Engineering at UNESP, Ilha Solteira, located in the district of Selvíria, in the State of Mato Grosso do Sul (20º20'05" S and 51° 24'26" W, at an approximate altitude of 335 m). The annual average rainfall is 1370 mm, with an annual average temperature of 23.5 ºC and average relative humidity of 64.8%. Figure 1 shows data for rainfall, and maximum, mean and minimum temperature during the experiment. According to the Köppen classification, the climate in the region is type Aw, characterised as tropical humid with a rainy season in the summer and dry season during the winter. The soil of the experimental area, according to the Brazilian System of Soil Classification (EMBRAPA, 2013) , is a typic clayey Dystrophic Red Latosol.
Before setting up the experiments, 20 soil samples were collected at a depth of 0.0-0.10 and 0.10-0.20 m, and a chemical analysis carried out to determine fertility, as per the methodology proposed by Raij et al. (2001) . This revealed the following values for the chemical attributes at 0.0-0.10 m: pH (CaCl 2 ) = 5.4; 16.0 mg dm -3 P; 1.6, 27.0, 19.0, 28.0, 47.6 and 75.6 mmol c dm -3 K, Ca, Mg, H+Al, SB and CEC respectively; 24.0 g dm -3 organic matter and base saturation (V%) = 63.0. At 0.10-0.20 m, the values were: pH (CaCl 2 ) = 5.5; 17.0 mg dm -3 P; 1. 2, 25.0, 16.0, 28.0, 42.2 and 70 .2 mmol c dm -3 K, Ca, Mg, H + Al, SB and CEC,respectively; 20.0 g dm -3 organic matter and base saturation (V%) = 60.0.
A randomised complete block statistical design was used, in a 2 x 2 x 2 factorial scheme with four replications, the treatments comprising two years of cultivation (2015 and 2016) , either as a monocrop (single) or intercropped with palisade grass, with or without inoculation of the sorghum seeds with the bacterium Azospirillum brasilense. The experimental area is part of two long-term experiments, the systems of crop-livestock integration being installed on 17 March 2015 in the first year and 6 April 2016 in the second, with two cultivars of sorghum ('Ranchero' and the dual-purpose cultivar 'A9902'). The seeds of the grain sorghum and dualpurpose sorghum were inoculated in the shade with the liquid inoculant moments before sowing, in both years.
Intercrop of Urochloa brizantha grass with sorghum inoculated with Azospirillum brasilense for ensilage The cultivars were not compared as they have different genetic characteristics.
Before sowing the sorghum and the grass, the weeds in the area were desiccated with the herbicides Glyphosate (1440 g ha -1 a.i.) and Carfentrazone (20 g ha -1
a.i.). Sowing was carried out 10 days after applying the desiccants, on 17 March 2015 in the first year and 6 April 2016 in the second, the sorghum was sown by a no-tillage bar-type seeder-fertiliser, at a depth of approximately 0.03 m, spacing of 0.45 m and density of 10 sorghum seeds m -1 . For the intercropping set up when sowing the sorghums, the grass seed was sown between the rows of crops, at a spacing of 0.45 m using 10 kg seeds ha -1 with a CV of 60% of the Urochloa brizantha 'BRS Paiaguás'. The grass was sown mechanically with a no-tillage disctype seeder-fertiliser at a depth of 0.06 m, in order to delay the emergence of the grass in relation to the grainproducing crop, and to reduce the probable competition between the species during the initial development period of the sorghum crop.
When sowing the sorghum cultivars, 12 kg ha -1 N, 90 kg ha -1 P 2 O 5 and 30 kg ha -1 K 2 O were applied as fertiliser in both years, as per the recommendations of Cantarella, Raij and Camargo (1997) . The cover fertiliser for both cultivars and in both experimental years was applied mechanically 30 days after emergence of the crops, using 90 kg ha -1 N with ammonium sulphate as the source. The diazotrophic bacteria were supplied by the AZO Total inoculant at a dose of 100 mL/25 kg seeds (strains AbV5 and AbV6, with 2 x 10 8 viable cells mL -1 ).
One day before harvesting the plants for silage production (70% DM), on 10 June 2015 in the first year and 12 July 2016 in the second, they were manually cut to a height of 0.25 m (both the sorghum and grass). The species were separated to determine the mean values for plant height of the grain sorghum (PHG) and the dualpurpose sorghum (PHDP), the basal stem diameter (BDG and BDDP) and the final stand (FSG and FSDP), as well as the dry matter production of the species, determined in two random samples per plot, using a 1 m 2 metal frame.
The stem fractions (DMSG and DMSDP), leaf fractions (DMLG and DMLDP) and panicles (DMPG and DMPDP) of the sorghum crops were separated with the aid of pruning shears, while for the palisade grass, all the above-ground parts were considered. The fractions were then weighed and placed in a forced ventilation oven at 65 ºC for 72 hours to determine the amount of each fraction, which together gave the total dry matter production of the sorghum plants (DMTG and DMTDP), and/or grass (DMGG and DMGDP) and sorghum + forages (PDMTG and PDMTDP).
After the regrowth of the sorghums and grasses in first year, the area was desiccated with Glyphosate herbicide (1.44 kg ha -1 active ingredient [a.i.]) and after ten days, the area was managed by a horizontal plant-residue grinder, aiming at continuity of the no-tillage system.
The results were submitted to analysis of variance by F-test and the mean values compared by Tukey's test at 5% probability using the SISVAR® statistical software (FERREIRA, 2011).
RESULTS AND DISCUSSION
There was greater plant height (PHG) in the grain sorghum (Table 1) during the first year of cultivation, possibly related to the higher productivity of the forage (DMGG) in the same year (Table 3 ) with consequent etiolation of the plants. This can occur because in large populations, plants tend to grow faster in order to avoid shading, which can affect other plant organs, such as stem diameter and leaf area (TAIZ; ZEIGER, 2004) . In addition, the competition for space can result in reduced water and nutrient availability to the plants. This demonstrates the Table 1 -Plant height (PHG), mean basal stem diameter (BDG) and final stand (FSG) in grain sorghum, for year of cultivation, alone or intercropped with palisade grass, and with or without Azospirillum brasilense Mean values followed by the same letter in a column do not differ by Tukey's test at 5% probability. ** and *: significant at 1 e 5% respectively. ns : not significant importance of a knowledge of forage species and of plant density under an intercropped system. For the basal stem diameter (BDG), the years had no influence on the results. However, due to the competition in the intercrop with palisade grass, the grain sorghum plants had a smaller BDG than the monocrop. Mateus et al. (2011) , working with two grasses (Mombasa and Marandu), intercropped with grain sorghum and as monocrops, found that the intercrop, independent of the species, resulted in a larger basal stem diameter than the monocrop, but only when grown under greater water availability. It is worth noting that the values for this attribute can increase the capacity to resist lodging and provide greater translocation of water and nutrients. Furthermore, the greater basal stem diameter is associated with the capacity of the plant for storing photoassimilates, resulting directly in grain filling (KAPPES et al., 2011) . For the final stand of the plants, there was no significant difference from the treatments or initial adjustment of the stand. Intercrop of Urochloa brizantha grass with sorghum inoculated with Azospirillum brasilense for ensilage
In general, dry matter from the grain sorghum differed significantly (p<0.05) during the two agricultural years (Table 2) . It can be seen that the highest values for these attributes (DMLG and DMSG) were obtained during the second year of the experiment. This fact may be related to the quantity of straw remaining after the regrowth of the sorghum of the previous year and to the climate conditions, with an increase in temperature and rainfall during the experimental period (Figure 1 ) resulting in better plant development. However, when evaluating the percentage participation of the sorghum fractions in the first year, the panicle had the greatest proportion, affording better feed composition due to the presence of the grain, whereas in the second year the stem had the highest percentage, with the greater amount of fibre resulting in a lower crude protein content in the dry matter for silage. According to Flaresso, Gross and Almeida (2000) , the panicle is the most important component of feed quality in sorghum, as it results in high-energy silage.
In relation to the intercrop with the palisade grass, the dry matter weight of the sorghum fractions was similar, even with the competition between the intercropped plants. This agrees with the results of Crusciol et al. (2011) , where there was no difference in grain production in sorghum mixed with marandu grass compared to the monocrop. According to Kluthcouski and Aidar (2003) , grain sorghum shows great competitive power, and is able to be sown simultaneously with forage grasses. One hypothesis may be the release of allelopathic compounds by the grain sorghum influencing the development of the forage plants.
The DMLG, DMSG, DMTG and consequently the PDMTG (Tables 2 and 3) , displayed higher productivity when inoculated with the bacterium. The influence of inoculating with A. brasilense has been reported by other authors, such as Nakao et al. (2014) , who worked with foliar inoculation in a sorghum crop and obtained gains in stem, leaf and panicle dry weight. According to Dobbelaere et al. (2001) , these bacteria have the function of biologically fixing atmospheric nitrogen and/or promoting growth mechanisms, which maximise plant ability to absorb and assimilate soil nutrients, and increase productivity. Table 2 -Dry matter production and percentage (%) of the leaf, stem and panicle fractions in grain sorghum (DMLG, DMSG and DMPG), for year of cultivation, alone or intercropped with palisade grass, and with or without Azospirillum brasilense Mean values followed by the same letter in a column do not differ by Tukey's test at 5% probability. ** and *: significant at 1 e 5% respectively. ns : not significant The palisade grass (DMGG) developed more during the first year of cultivation because of the smaller amount of sorghum leaves causing less shading and competition between the species (Tables 2 and 3 ). Due to the high dry matter production obtained by the grain sorghum in the second year (2016), it was found that the total dry matter (grain sorghum + forages) was greater than in the first year by 2.9 t ha -1 , even with superior results for the grass in the first year.
In the first year (Table 4) , there was greater growth in the height of the dual-purpose sorghum (PHDP) compared to the second year, which was also seen in the grain sorghum (Table 1) due to the effect of the larger population and probable plant etiolation. It was found that the first year was superior to the second for plant stand, where the greater deposition of straw on the ground, after management of the regrowth of the sorghum and grasses from the intercrops planted the previous agricultural year, could have interfered in seed germination in the second year. To reduce this effect in maize, Pariz et al. (2011) used a plant-residue grinder after chemical desiccation to manage the grasses, which was also done in the present study. However, sorghum may also have an allelopathic effect on the germination and growth of plants in succession under its straw, releasing allelochemicals during decomposition (PEIXOTO; SOUZA, 2002).
The intercrop with the palisade grass resulted in a smaller mean basal stalk diameter (BDDP) ( Table 4) . This may be associated with competition for growth factors during the intercrop. These results demonstrate the behaviour of dual-purpose sorghum when intercropped with grasses of the genus Urochloa, where in the autumn season, due to the greater water limitation, there is more competition between the intercropped plants. There was no effect from the inoculation on the mean basal stem diameter (BDDP).
An interaction was seen between the years of cultivation and inoculation with Azospirillum brasilense for PHDP (Table 4 ). In the breakdown of the interaction Table 3 -Total dry matter (DMTG) production in grain sorghum plants, dry matter production (DMGG) in the forages and total dry matter production (PDMTG) of the pre-silage plant matter (grain sorghum + forages), for year of cultivation, alone or intercropped with palisade grass, and with or without Azospirillum brasilense Mean values followed by the same letter in a column do not differ by Tukey's test at 5% probability. ** and *: significant at 1 e 5% respectively.
ns : not significant
Intercrop of Urochloa brizantha grass with sorghum inoculated with Azospirillum brasilense for ensilage Table 4 -Plant height (PHDP), mean basal stalk diameter (BDDP) and final plant stand (FSDP) in dual-purpose sorghum, for year of cultivation, alone or intercropped with palisade grass, and with or without Azospirillum brasilense Mean values followed by the same letter in a column do not differ by Tukey's test at 5% probability. ** and *: significant at 1 e 5% respectively. (Table 5) , it was found that during the first year there was greater growth of the inoculated plants, while in the second year, with greater water availability, there was no significant effect. When the PHDP was compared within the year of cultivation, there was an increase with inoculation in the first year, with a decrease in the second year. Kappes et al. (2013) , working with Azospirillum brasilense inoculation in maize seeds in the Cerrado at low altitude, found an increase in plant height. In addition, Longhini et al. (2016) reported a positive effect on plant height in maize inoculated with the bacteria, which resulted in a significant increase in production, in relation to the uninoculated seeds.
Stalk and panicle dry matter production in the sorghum during the second year were higher than during the first year ( Table 6 ), demonstrating that the experimental conditions of the residue left over from the first year due to regrowth of the sorghum and grass, which later became straw, give positive results from the ground cover and nutrient recycling, especially when observing the total dry matter production of the dual-purpose sorghum, with an increase in total dry matter production before silage (Table 7) . Also of importance is the higher rainfall during the second year (Figure 1 ), explaining this greater increase in dry matter production. The decrease in leaf, shoot and panicle production in the intercropped sorghum (0.43, 1.71, 0.65 t ha -1 respectively) (Table 6) , is a result of competition with the grass. For this reason, intercropping is a technology to be studied in different growing seasons, in order to gain information about the behaviour of the competing species, which is fundamental to achieving satisfactory productivity in the grain crop and when creating pasture, since competition between the crops can make cultivation unviable (KLUTHCOUSKI; YOKOYAMA, 2003) . Such competition could be minimised by sowing the grass at greater depths, delaying emergence; a methodology that was put into practice in the present study, but without success.
The increases seen in the DMLDP and DMSDP of the inoculated plants (Table 6 ) may be associated with the production of hormones by the bacteria, which stimulate the density and length of the root hairs (OKON; LABANDERA-GONZALEZ, 1994), resulting in greater uptake of the water and nutrients available in the soil.
These results agree with other published results, in which there are positive responses related to the sorghum plant in the presence of diazotrophic bacteria. Bergamaschi et al. (2007) , studying the occurrence of bacteria in forage sorghum, found satisfactory results for nitrogen fixation and the in vitro production of indoleacetic acid.
It was found that the dual-purpose cultivar produces more stem than leaves and panicle, indicating a higher concentration of fibres in the silage, which can result in silage of low quality. These results are in contrast with those obtained by Avelino et al. (2011) who, studying hybrids of dual-purpose and forage sorghum, found that the dual-purpose sorghum produces more panicles than leaves and stem. This result leads to the conclusion that the A9902 hybrid, in order to express its greater capacity for panicle production, should be cultivated at larger spacings when intercropped with grasses. Regionalised experiments should also be carried out.
The total dry matter production (PDMTDP) before silage (dual-purpose sorghum + palisade grass) remained Table 6 -Dry matter production and percentage (%) of the leaf, stem and panicle fractions in dual-purpose sorghum (DMLDP, DMSDP and DMPDP), for year of cultivation, alone or intercropped with palisade grass, and with or without Azospirillum brasilense Mean values followed by the same letter in a column do not differ by Tukey's test at 5% probability. ** and *: significant at 1 e 5% respectively. Intercrop of Urochloa brizantha grass with sorghum inoculated with Azospirillum brasilense for ensilage similar during both years of cultivation, with a decrease in dry matter production seen in the intercrop (Table 7) . This result is similar to that of the grain sorghum (Table 3 ).
In the second year of cultivation, production was higher due to the effect of the sorghum in the intercrop (Table 7) which, due to the larger amount of residual straw during the first year of cultivation, improved the soil structure, biological activity and availability of water and nutrients under the no-tillage system. This demonstrates the importance of carrying out studies of this nature over longer periods.
Due to the competitive effect, dual-purpose sorghum intercropped with palisade grass showed a decrease in PDMTDP of 1.28 t ha -1 (Table 7) . This result may indicate that the row spacing of 0.45 m, the high plant population and even the genetics of the highest-growing cultivar have a significant effect on the behaviour of the intercropped species. However, in a study by Garcia et al. (2013) , an intercrop of forages of the genera Panicum and Urochloa with maize did not result in any significant competitive effect for grain production, albeit in an irrigated area during the spring/ summer crop, and with the maize at a row spacing of 0.90 m. In addition, Costa et al., evaluating an intercrop of maize with two species of Urochloa (Brizantha and ruziziensis) under a no-tillage system, found no difference in shoot dry matter production in the crop.
Evaluating the agronomic aspects of sorghum genotypes, Botelho et al. (2010) found a DM production in 'Volumax' sorghum of 16.6 t ha -1 , 'Qualimax' of 14.3 t ha -1 , 'BRS 610' of 17.5 t ha -1 and 'AG 2005E 'of 13.7 t ha -1 , close to that of the dual-purpose 'AG 2005E'.
When inoculating with Azospirillum brasilense, the total dry matter production was 1.71 t ha -1 higher than the uninoculated production, demonstrating the importance of these diazotrophic bacteria. According to Dartora et al. (2013) , the combination of strains of A. brasilense and Herbaspirillum seropedicae resulted in Table 7 -Total dry matter production (DMTDP) in dual-purpose sorghum plants, dry matter production (DMGDP) in the forage species and total dry matter production (PDMTDP) of the pre-silage plant matter (dual-purpose sorghum + forages), for year of cultivation, alone or intercropped with palisade grass, and with or without Azospirillum brasilense Mean values followed by the same letter in a column do not differ by Tukey's test at 5% probability. ** and *: significant at 1 e 5% respectively. ns : not significant better development in maize, compared to the control, especially for shoot dry matter. It is worth noting the effect of inoculation with Azospirillum in experimental field data, in which Okon and Vanderleyden (1997) concluded that grasses, such as sorghum, maize and rice, respond to inoculation with gains in productivity through the biological fixation of nitrogen and growth promoters, increasing the absorption surface of the plant roots and consequently increasing the volume of exploited soil substrate, under the most varied conditions of soil and climate. According to Bashan, Holguin and De-Bashan (2004) , the benefits provided by the bacteria can be attributed to the production of such substances as auxins, gibberilins and cytokinins, which increase dry matter productivity, as found in this research.
From the breakdown of the interaction, there were significant differences for DMGDP between the years of cultivation, with and without inoculation (Table 8) , with increases in productivity associated with inoculation in the second year. The viability of inoculating the sorghum seeds with Azospirillum brasilense could be seen from the transfer of the bacterium to the intercropped grass even though it had not been inoculated, as it increases forage production (dual-purpose sorghum + palisade grass) during the off season, in the period of greatest shortage of animal feed or making straw for no-tillage systems. Table 8 -Breakdown of the significant interactions between year and inoculation, for dry matter in dual-purpose sorghum (DMGDP), for year of cultivation, alone or intercropped with palisade grass, and with or without Azospirillum brasilense Mean values followed by different lowercase letters in a column and uppercase letters on a line differ by Tukey's test at 5% probability In general, the intercrop did not alter the final dry matter production of the grain sorghum, making sufficient quantities available for silage; in addition, the regrowth of the sorghum (Grain and Dual-Purpose) and palisade grass, allowed the formation of hay and the continuity of the notillage system for the summer crop in the Cerrado region. Furthermore, it is possible to reduce the cost of creating pasture, and to offer feed to cattle in the off-season, when the supply of forage is reduced.
CONCLUSIONS
1. Due to the residual effect of the treatments and the regrowth, total dry matter production in the second year of cultivation under rainfed conditions in the Cerrado was higher;
2. Intercropping grain sorghum with palisade grass during the autumn season does not change dry matter or grain productivity, however in dual-purpose sorghum, it reduces leaf, stem and panicle dry matter production because of the competitive effect;
3. The inoculation of grain sorghum and dual-purpose sorghum seeds with Azospirillum brasilense, resulted in greater development of both the sorghum and palisade grass in the intercrop, providing increases in the shoot dry matter of both plant species. 
